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(57) ABSTRACT

A magnetic device comprises a lead frame, a first core body
and a coil. The lead frame has a first portion and a second
portion spaced apart from the first portion. A first core body is
disposed on the lead frame, wherein the first core body com-
prises a first through opening and a second through opening.
A coil is disposed on the first core body, wherein the coil has
afirstterminal and a second terminal, wherein the first portion
is electrically connected with the first terminal via the first
through opening, and the second portion is electrically con-
nected with the second terminal via the second through open-
ing, respectively.

18 Claims, 12 Drawing Sheets
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31 form a lead frame having a first portion and a second
portion spaced apart from the first portion.

dispose a first core body on the lead frame, wherein the
32 first core hody comprises a first through opening and
a second through opening

dispose a coil on the first core body, wherein the coil
has a first terminal and a second terminal, wherein the
13 first portion 1is electrically connected with the first
terminal via the first through opening, and the second
portion is electrically connected with the second
terminal via the second through opening, respectively

34 torm a molding body to encapsulate the coil

FIG. 3
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1
MAGNETIC DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 13/179,884, filed Jul. 11, 2011, and titled
“Coil Device” which claims the benefit of priority of U.S.
Provisional Patent Application No. 61/367,007, filed Jul. 23,
2010, and titled “Common Mode Choke and Method of Mak-
ing the Same”. This application also claims the benefit of
priority of U.S. Provisional Application No. 61/803,798, filed
Mar. 21, 2013, and titled “Magnetic Device and Method of
Manufacturing the Same”. All of these applications are incor-
porated by referenced herein in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a magnetic device and, in
particular, to amagnetic device with electrodes made of alead
frame.

II. Description of the Prior Art

As an inductor has gradually become smaller and thinner,
it is not easy to position the coil accurately which will affect
product yield. The electrodes of the inductor are exposed to
the lateral surface of the inductor so that a fixed space must be
kept in the circuit board to prevent short circuit. Moreover,
with the shrinkage of product size, a bad C-face crack will
result from a bent stress when the electrodes of the inductor
are bent during the molding process.

So far there are some drawbacks in the various types of
inductors disclosed in the prior arts. In JP4795489B1, the
design of the inductor which needs many electroplating steps
induces a lot of process steps; the material capable of be
electroplated is limited; and the electrodes of the inductor are
exposed to the lateral surface of the inductor. In
(CN201207320Y, the conductive wires bent to the bottom of
the iron core induce that the iron core doesn’t have a smooth
surface. [f pressure is still applied in package process, the iron
core easily has a crack.

Accordingly, the present invention proposes a magnetic
device and a manufacturing method thereof to overcome the
above-mentioned disadvantages.

SUMMARY OF THE INVENTION

One objective of the present invention is to provide a mag-
netic device with bottom electrodes made of alead frame. The
magnetic device comprises: a lead frame having a first portion
and a second portion spaced apart from the first portion; a first
core body disposed on the lead frame, wherein the first core
body comprises a first through opening and a second through
opening; and a coil disposed on the first core body, wherein
the coil has a first terminal and a second terminal, wherein the
first portion is electrically connected with the first terminal
via the first through opening, and the second portion is elec-
trically connected with the second terminal via the second
through opening, respectively.

Preferably, the first portion comprises a first protrusion and
the second portion comprises a second protrusion, wherein
the first protrusion is connected with the first terminal through
the first through opening, and the second protrusion is con-
nected with the second terminal through the second through
opening, respectively. A first conductive pillar can be dis-
posed in the first through opening to connect the first portion
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with the first terminal, and a second conductive pillar can be
disposed in the second through opening to connect the second
portion with the second terminal, respectively.

A molding body encapsulates the coil. A first electrode is
disposed on the bottom surface of the first portion and a
second electrode is disposed on the bottom surface of the
second portion. That is, the bottom of each of the first portion
and the second portion of the lead frame is exposed to the
bottom of the molding body such that the first portion and the
second portion respectively serve as a first electrode and a
second electrode of the magnetic device. The main advan-
tages of the magnetic device in the present invention are
described as follows: 1. Adhesion area between the bottom
electrodes of the magnetic device and the circuit board is
maximized to enhance the adhesion strength. 2. Because of
no lateral electrode, product size can be shrunk and surface
utility rate of the circuit board can be raised. 3. The height and
the shape of the protrusions of the lead frame can be adjusted
to be adapted for various types of coils so that it is easier to
weld and position the core body. 4. The lead frame can be
formed by various methods, such as folding, bending, elec-
troplating or etching.

Another objective of the present invention is to provide a
method for forming a magnetic device. The method com-
prises the steps of: forming a lead frame having a first portion
and a second portion spaced apart from the first portion;
disposing a first core body on the lead frame, wherein the first
core body comprises a first through opening and a second
through opening; and disposing a coil on the first core body,
wherein the coil has a first terminal and a second terminal,
wherein the first portion is electrically connected with the first
terminal via the first through opening, and the second portion
is electrically connected with the second terminal via the
second through opening, respectively. In one embodiment of
the magnetic device adapted for SMD technology, the lead
frame can be formed by electroplating or etching.

The detailed technology and above preferred embodiments
implemented for the present invention are described in the
following paragraphs accompanying the appended drawings
forpeople skilled in this field to well appreciate the features of
the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the accompanying
advantages of this invention will become more readily appre-
ciated as the same becomes better understood by reference to
the following detailed description when taken in conjunction
with the accompanying drawings, wherein:

FIG. 1A is a schematic view of a magnetic device in the
present invention;

FIG. 1B is an exploded schematic view of the magnetic
device shown in FIG. 1A;

FIG. 1C is abottom schematic view of the magnetic device
shown in FIG. 1A;

FIG. 1D is an exploded schematic view of the magnetic
device, wherein the first core body is a T-core body;

FIG. 1E is a schematic view of the magnetic device in the
present invention, wherein the first core body is a T-core
body;

FIG. 2A is a schematic view of a foldable lead frame,
wherein the foldable lead frame is unfolded;

FIG. 2B is a schematic view of a foldable lead frame;

FIG. 2C is a schematic view of a magnetic device in the
present invention, wherein the lead frame is foldable;

FIG. 2D is a schematic view of a bent lead frame;
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FIG. 3 is the process flow of manufacturing a magnetic
device in FIG. 1A, FIG. 1E, FIG. 2C and FIG. 4A;

FIG. 4A is a schematic view of a magnetic device in the
present invention, wherein the lead frame is formed by elec-
troplating or etching;

FIG. 4B is an exploded schematic view of the magnetic
device shown in FIG. 4A.

DETAILED DESCRIPTION OF THE INVENTION

The detailed explanation of the present invention is
described as following. The described preferred embodi-
ments are presented for purposes of illustrations and descrip-
tion and they are not intended to limit the scope of the present
invention.

The present invention discloses a magnetic device in which
a first portion and a second portion of a lead frame respec-
tively are electrically connected with a first terminal and a
second terminal of a coil through a first through opening and
a second through opening of a core body to serve as a first
electrode and a second electrode on the bottom of the mag-
netic device.

FIG. 1A is a schematic view of a magnetic device 10 in the
present invention. FIG. 1B is an exploded schematic view of
the magnetic device 10 shown in FIG. 1A. FIG. 1Cis abottom
schematic view of the magnetic device 10 shown in FIG. 1A.
FIG. 1D is an exploded schematic view of the magnetic
device 10, wherein the first core body is a T-core body. FIG.
1E is a schematic view of the magnetic device 10 in the
present invention, wherein the first core body is a T-core body.
The magnetic device 10 includes a lead frame 11, a first core
body 12, a coil 13 and a molding body 14.

The lead frame 11 has a first portion 11¢ and a second
portion 115 spaced apart from the first portion 11a. Option-
ally, the first portion 11a can comprise a first bottom part 20a
and a first protrusion 15a connected to the first bottom part
20a, and the second portion 115 can comprise a second bot-
tom part 205 and a second protrusion 155 connected to the
second bottom part 2056. For a better electrical connection
between the lead frame 11 and the coil 13, the top of the first
protrusion 154 is higher than that of the first through opening
124, and the top of the second protrusion 154 is higher than
that of the second through opening 1256. As shown in FIG. 1B,
the first core body 12 has a first recess 18a and a second recess
185 on the bottom surface of the first core body 12 for embed-
ding the first bottom part 20 and the second bottom part 205,
respectively. Preferably, the first portion 11a further com-
prises a third protrusion 15¢, and the second portion 115
further comprises a fourth protrusion 154, wherein the first
protrusion 154, the second protrusion 155, the third protru-
sion 15¢ and the fourth protrusion 154 surround the first core
body 12. As shown in FIG. 1A, the first through opening 12a
is adjacent to a first outer surface 124l and a second outer
surface 1242 of'the first core body 12; and the second through
opening 125 is adjacent to a third outer surface 1251 and a
fourth outer surface 12562, wherein the first protrusion 15a is
not extended outside of the outer side surfaces 1241, 1242
adjacent to the first through opening 12a, and the second
protrusion 154 is not extended outside of the outer side sur-
face 1261, 1252 of the first core body 12 adjacent to the
second through opening 125. In one embodiment (see FIG.
2A, FIG. 2B and FIG. 2C), the first protrusion 15a comprises
a first foldable soldering pad 17a, and the second protrusion
155 comprises a second foldable soldering pad 175. Specifi-
cally speaking, the first portion 11a of the lead frame 11 has
a first foldable soldering pad 174 folded to serve as the first
protrusion 154, and the second portion 115 of the lead frame
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11 has a second foldable soldering pad 175 folded to serve as
the second protrusion 155. In another embodiment (see FIG.
2D), the first protrusion 15a comprises a first bent portion for
connecting with a first terminal of a coil, and the second
protrusion 155 comprises a second bent portion for connect-
ing with the second terminal of a coil. For example, the first
protrusion 15a, the second protrusion 155, the third protru-
sion 15¢, the fourth protrusion 154 can be formed by bending
four segments of a flat lead frame 11. Moreover, the lead
frame 11 can be also formed by electroplating or etching
(described hereafter).

A first core body 12 is disposed on the lead frame 11. The
first core body 12 is a magnetic core body. The first core body
12 can be made of any suitable magnetic powder, such as Fe
alloy powder (Fe-Cr-Si, Fe-Al-Cr or Fe-Si-Al), ferrite pow-
der (Ni-Zn ferrite or Mn-Zn ferrite), amorphous alloy powder
or Fe powder. By pressing-molding process (e.g., heating or
sintering), the magnetic powder and adhesive are mixed to
form the first core body 12. The first core body 12 can have
any suitable shape according design or practical application.

The first core body 12 comprises a first through opening
12a and a second through opening 1254. There are many
different ways to locate the first through opening 124 and the
second through opening 125: in one embodiment, each of the
first through opening 12a and the second through opening
125 is formed inside the first core body 12; in another embodi-
ment, each of the first through opening 12a and the second
through opening 125 is formed with one side of the opening
aligned with one edge of the first core body 12; and in yet
another embodiment, each of the first through opening 12a
and the second through opening 125 is formed with two sides
of'the opening aligned with two edges of the first core body 12
respectively.

A coil 13 is disposed on the first core body 12. The coil 13
can be formed by wrapping round-wire, flat-wire or enam-
eled-wire made of Cu or Ag. The coil 13 can be made of a
conductive wire or a conductive pattern formed by any known
technology, such as electroplating, etching, printing process
or film process. The coil 13 has a first terminal 13« and a
second terminal 13b. The first portion 11a is electrically
connected with the first terminal 13a via the first through
opening 12a, and the second portion 155 is electrically con-
nected with the second terminal 135 via the second through
opening 125, respectively. Preferably, the first portion 11a
comprises a first protrusion 154 and the second portion 115
comprises a second protrusion 154, wherein the first protru-
sion 154 is connected with the first terminal 13« through the
first through opening 124, and the second protrusion 155 is
connected with the second terminal 135 through the second
through opening 125, respectively. In one embodiment, the
top end of the first protrusion 15a can be disposed in the first
through opening 124, and the top end of the second protrusion
1556 can be disposed in the second through opening 125. In
other words, refer to FIG. 1E and FIG. 4A, the first joined
point 164 of the first terminal 13« and the first protrusion 15a
can be inside the first through opening 12a, and the second
joined point 165 of the second terminal 135 and the second
protrusion 155 can be inside the second through opening 125.
In another embodiment, at least one portion of the first pro-
trusion 154 is disposed outside the first through opening 12a,
and at least one portion of the second protrusion 155 is dis-
posed outside the second through opening 124. In other
words, refer to FIG. 1A, the first joined point 164 of the first
terminal 13a and the first protrusion 15a is substantially
higher than the top of the first through opening 12a, and the
second joined point 165 of the second terminal 135 and the
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second protrusion 155 is substantially higher than the top of
the second through opening 125.

A first conductive pillar (not shown) can be disposed in the
first through opening 12a to connect the first portion 11a with
the first terminal 13a, and a second conductive pillar (not
shown) can be disposed in the second through opening 125 to
connect the second portion 115 with the second terminal 135,
respectively. It has been disclosed in U.S. patent application
Ser. No. 13/179,884, filed Jul. 11, 2011.

There are many different ways to dispose the coil 13 on the
first core body 12. In one embodiment (see FIG. 1A and FIG.
1B), the first core boy 12 has a first surface 12¢ which is
substantially flat, wherein the coil 13 is disposed on the first
surface 12¢ of the first core body 12. In another embodiment
(see FIG. 1E, FIG. 2C and F1G. 4A), the first core boy 12 (e.g.,
T-core) comprises a plate 12¢ and a pillar 12/having a top end
and a bottom end, wherein the bottom end of the pillar 12f'is
connected to the plate 12¢, wherein the coil 13 is disposed on
the plate 12¢ and winded around the pillar 12f. In one embodi-
ment, the magnetic device 10 further comprises a second core
body (not shown), wherein the coil 13 is disposed between the
first core body 12 and the second core body. The material of
the first core body 12 can be the same as that of the second
core body or different from that of the second core body.

The second core body is a magnetic core body. The second
core body can be made of any suitable magnetic powder, such
as Fe alloy powder (Fe-Cr-Si, Fe-Al-Cr or Fe-Si-Al), ferrite
powder (Ni-Zn ferrite or Mn-Zn ferrite), amorphous alloy
powder or Fe powder. By pressing-molding process (e.g.,
heating or sintering), the magnetic powder and adhesive are
mixed to form the second core body. The second core body
can have any suitable shape according design or practical
application.

A molding body 14 encapsulates the coil 13. A first elec-
trode is disposed on the bottom surface ofthe first portion 11a
and a second electrode is disposed on the bottom surface of
the second portion 115. That is, the bottom of each of the first
portion 11a and the second portion 115 of the lead frame 11
is exposed to the bottom of the molding body 14 such that the
first portion 11a and the second portion respectively 115
serve as a first electrode and a second electrode of the mag-
netic device 10. The first electrode and the second electrode of
the magnetic device 10 can be formed by printing or electro-
plating.

FIG. 3 is the process flow of manufacturing a magnetic
device 10, 20, 30 in FIG. 1A, FIG. 1E, FIG. 2C and FIG. 4A.

In step 31, form a lead frame 11 having a first portion 11a
and a second portion 115 spaced apart from the first portion
11a. Optionally, the first portion 11a can comprise a first
protrusion 15a and the second portion 115 can comprise a
second protrusion 155.

In one embodiment of the magnetic device adapted for
SMD technology, the lead frame can be formed by electro-
plating or etching. FIG. 4A is a schematic view of a magnetic
device 30 in the present invention, wherein the lead frame 11
is formed by electroplating or etching. FIG. 4B is an exploded
schematic view of the magnetic device 30 shown in FIG. 4A.
To form the lead frame 11, for example, Sn or Ni/Sn can be
electroplated on a conductive material (e.g., copper foil)
which can be made of Cu, or a conductive material (e.g., a
metallic substrate) can be etched. In this case, each of the first
protrusion 154 and the second protrusion 1554 is a conductive
pillar. The advantages are listed as below: 1. The magnetic
device has a complete electrode plane, and the plane shape
can be adjusted according to design demand. Compared to the
lead frame formed by bending, the bottom electrodes of the
magnetic device are complete, and adhesion area between the
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bottom electrodes of the magnetic device and the circuit
board is maximized (utility rate of electrode area is larger than
90%) to enhance the adhesion strength. 2. The height and the
shape of the protrusive conductive pillars can be adjusted to
be adapted for various types of coils so that it is easier to weld
and position the core body. 3. The design of the bottom
electrodes of the magnetic device can reduce the distance
between devices on the circuit board. 4. The lead frame can be
directly adapted for SMD technology, so the electroplating
steps in the process of the magnetic device can be saved and
the material capable of be electroplated is not limited.

In step 32, dispose a first core body 12 on the lead frame 11,
wherein the first core body 12 comprises a first through open-
ing 12a and a second through opening 125. In one embodi-
ment, the magnetic device further comprises a second core
body (not shown), wherein the coil is disposed between the
first core body 12 and the second core body. The first core
body 12 (or the second core body) is a magnetic core body.
The material of the first core body 12 can be the same as that
of the second core body or different from that of the second
core body. The first core body 12 (or the second core body)
can be formed by hot-pressing molding or cold-pressing
molding, preferably, cold-pressing molding.

In step 33, dispose a coil 13 on the first core body 12,
wherein the coil 13 has a first terminal 134 and a second
terminal 135, wherein the first portion 11a is electrically
connected with the first terminal 13a via the first through
opening 12a, and the second portion 115 is electrically con-
nected with the second terminal 135 via the second through
opening 125, respectively. Preferably, the first portion 11a
comprises a first protrusion 154 and the second portion 115
comprises a second protrusion 154, wherein the first protru-
sion 154 is connected with the first terminal 13« through the
first through opening 124, and the second protrusion 155 is
connected with the second terminal 135 through the second
through opening 124, respectively. A first conductive pillar
(not shown) can be disposed in the first through opening 12a
to connect the first portion 11a with the first terminal 13a, and
a second conductive pillar (not shown) can be disposed in the
second through opening 125 to connect the second portion
115 with the second terminal 135, respectively. The coil 13
can be formed by wrapping round-wire, flat-wire or enam-
eled-wire made of Cu or Ag. The coil 13 can be made of a
conductive wire or a conductive pattern formed by any known
technology, such as electroplating, etching, printing process
or film process.

In step 34, form a molding body 14 to encapsulate the coil
13. The molding body 14 can be formed by hot-pressing
molding or cold-pressing molding, preferably, hot-pressing
molding. A first electrode is disposed on the bottom surface of
the first portion 11a and a second electrode is disposed on the
bottom surface of the second portion 115. That is, the bottom
of'each of the first portion 11a and the second portion 1156 of
the lead frame 11 is exposed to the bottom of the molding
body 14 such that the first portion 11 a and the second portion
115 respectively serve as a first electrode and a second elec-
trode of the magnetic device. The first electrode and the
second electrode of the magnetic device can be formed by
printing or electroplating.

Detailed process is listed as below. A lead frame is formed
by punching, electroplating or etching, and then the lead
frame is dispensed. A core body is formed by cold-pressing
molding and connected to the lead frame. The coil is disposed
on the core body, and the terminals of the coil are electrically
connected to the protrusions of the lead frame by spot welding
or laser welding plus wire-head trimming. A molding body is
formed to encapsulate the coil by hot-pressing molding and
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curing. The electrodes of the magnetic device are formed by
electroplating or printing. Finally, the final product is done by
trimming and passing electrical testing.

The above disclosure is related to the detailed technical
contents and inventive features thereof. People skilled in this
field may proceed with a variety of modifications and replace-
ments based on the disclosures and suggestions of the inven-
tion as described without departing from the characteristics
thereof Nevertheless, although such modifications and
replacements are not fully disclosed in the above descrip-
tions, they have substantially been covered in the following
claims as appended.

What is claimed is:

1. A magnetic device, comprising:

a lead frame having a first portion and a second portion
spaced apart from the first portion, wherein the first
portion comprises a first bottom part and a first protru-
sion connected to the first bottom part, and the second
portion comprises a second bottom part and a second
protrusion connected to the second bottom part;

a first core body disposed on the lead frame, wherein the
first core body comprises a first through opening and a
second through opening;

a coil disposed on the first core body, wherein the coil has
a first terminal and a second terminal, wherein at least a
part of the first protrusion is disposed in the first through
opening and is electrically connected with the first ter-
minal, and at least a part of the second protrusion is
disposed in the second through opening and is electri-
cally connected with the second terminal; and

a molding body, encapsulating the coil, the first protrusion
and the second protrusion of the lead frame.

2. The magnetic device according to claim 1, wherein the
first protrusion passes through the first through opening and
the second protrusion passes through the second through
opening to electrically connect with the first terminal and the
second terminal, respectively.

3. The magnetic device according to claim 1, wherein the
top end of the first protrusion is disposed in the first through
opening, and the top end of the second protrusion is disposed
in the second through opening.

4. The magnetic device according to claim 1, wherein at
least one portion of the first protrusion is disposed outside the
first through opening, and at least one portion of the second
protrusion is disposed outside the second through opening.

5. The magnetic device according to claim 1, wherein the
first protrusion comprises a first foldable soldering pad, and
the second protrusion comprises a second foldable soldering
pad.

6. The magnetic device according to claim 1, wherein the
first protrusion comprises a first bent portion for connecting
with the first terminal, and the second protrusion comprises a
second bent portion for connecting with the second terminal.

7. The magnetic device according to claim 1, wherein the
first through opening is formed with a first outer side surface
of the first core body; and the second through opening is
formed with a second outer side surface of the first core body.

8. The magnetic device according to claim 1, wherein the
first through opening and the second through opening are
respectively formed with two outer side surfaces of the first
core body.

9. The magnetic device according to claim 1, wherein a first
electrode is disposed on the bottom surface of the first bottom
part of the first portion of the lead frame and a second elec-
trode is disposed on the bottom surface of the second bottom
part of the second portion of the lead frame.
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10. The magnetic device according to claim 1, wherein the
first portion further comprises a third protrusion, and the
second portion further comprises a fourth protrusion, wherein
the first protrusion, the second protrusion, the third protrusion
and the fourth protrusion surround the first core body,
wherein the molding body encapsulates the coil, the first
protrusion, the second protrusion, third protrusion and the
fourth protrusion of the lead frame.

11. The magnetic device according to claim 1, further
comprising a second core body, wherein the coil is disposed
between the first core body and the second core body.

12. The magnetic device according to claim 1, wherein the
first core boy has a first surface which is substantially flat,
wherein the coil is disposed on the first surface of the first core
body.

13. The magnetic device according to claim 1, wherein the
first core boy comprises a plate and a pillar having a top end
and a bottom end, wherein the bottom end of the pillar is
connected to the plate, wherein the coil is disposed on the
plate and wound around the pillar, wherein the molding body
encapsulates the coil, the first protrusion, the second protru-
sion and a top portion of the pillar.

14. The magnetic device according to claim 1, wherein the
first through opening and the second through opening are
respectively formed on a periphery of the first core body,
wherein the first protrusion is not extended outside of any
outer side surface of the first core body adjacent to the first
through opening, and the second protrusion is not extended
outside of any outer side surface of the first core body adja-
cent to the second through opening.

15. The magnetic device according to claim 1, wherein the
entire lead frame is encapsulated by the molding body except
the first bottom part and the second bottom part of the lead
frame for electrically connecting with an external circuit.

16. The magnetic device according to claim 1, wherein the
first core boy comprises a plate and a pillar on the plate,
wherein the coil is wound on the pillar, wherein the first
bottom part and the second bottom part of the lead frame are
respectively embedded in a recess on the bottom surface of
the plate, wherein the entire lead frame is encapsulated by the
molding body except the first bottom part of the first portion
of the lead frame and the second bottom part of the second
portion of the lead frame for electrically connecting with an
external circuit.

17. A magnetic device, comprising:

a lead frame having a first portion and a second portion
spaced apart from the first portion, wherein the first
portion comprises a first bottom part and a first protru-
sion connected to the first bottom part, and the second
portion comprises a second bottom part and a second
protrusion connected to the second bottom part;

a first core body disposed on the lead frame, wherein the
first core body comprises a first through opening and a
second through opening, wherein the first through open-
ing and the second through opening are respectively
formed on a periphery of the first core body; and

a coil disposed on the first core body, wherein the coil has
a first terminal and a second terminal;

wherein at least a part of the first protrusion is disposed in
the first through opening and is electrically connected
with the first terminal, and at least a part of the second
protrusion is disposed in the second through opening
and is electrically connected with the second terminal,
wherein the first protrusion is not extended outside of
any outer side surface of the first core body adjacent to
the first through opening.
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18. The magnetic device according to claim 17, wherein
the second protrusion is not extended outside of any outer side
surface of the first core body adjacent to the second through
opening.



